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I.  TNIRODUCnON 


The  United  States  Anny  is  cunently  investigating  the  need  for  a  new  hoe^tzer  to  replace  the 
M109A2/A3.  The  alternatives  being  oonwleied  are:  continuing  with  the  existing  system,  product 
improving  the  M109A2/A3,  developing  a  completely  new  howitzer,  or  procuring  the  best  available 
foreign  made  howitzer.  These  investigations,  which  ate  being  guuM  by  the  office  of  the  Project 
Manager  for  Cannon  Artillery  Weapon  Systems  (PM/CAWS),  twre  referred  to  as  the  Division  Support 
Weapon  System  (DSWS)  study.  The  study  was  subsequently  named  the  HIP  study  (for  Howitzer 
Improvement  Program)  but  the  DSWS  designation  will  be  used  in  this  report  Issues  receiving  the 
heaviest  attention  are  those  that  have  a  growth  poteruial  because  of  new  technologies,  Le.,  increased 
rate  of  fire,  improved  fire  control,  better  ammunition  resupply  and  handling,and  improved  command, 
control,  arxl  communications  (C^). 

The  methodology  used  to  address  issues  for  DSWS  has  been  the  Norden  Battery  model. 
Since  this  model  is  unvalidated,  PM/CAWS  asked  the  US  Army  Ballistic  Research  Laboratory  (BRL)  to 
use  its  Ballistic  Research  Laboratory  Message  Processing  Model  (BRLMPM)  to  analyze  the  results 
obtained  with  the  Norden  model.  Such  an  analysis  can  not  be  considered  to  be  a  validation  since  the 
BRLMPM  itself  is  um’alidated.  However,  a  comparison  should  provide  much  information  about  the 
manner  in  which  both  models  work,  the  assumptions  upon  which  each  is  based,  and  the  results  one 
could  expect  from  using  either  of  the  models. 

This  report  discusses  the  comparison  of  the  two  models.  The  report  is  organized  in  the  following 
way.  Section  II  contains  a  descriptionof  the  background  to  the  study.  Section  HI  contains  operational 
descriptions  of  the  Norden  Battery  Cr  model  and  the  BRLMPM.  Section  TV  describes  the  way  the 
study  was  conducted.  Section  V  contains  the  results  and  analysis  obtained  by  a  direct  comparison  of  the 
two  models.  Section  VI  contains  an  analysis  of  the  ^ects  of  queuing  in  ^e  BRLMPM  Section  VII 
contains  a  set  of  conclusions  about  the  workings  of  both  models  arxl  some  recommendations  for  modi¬ 
fying  both  models. 


n.  BACKGROUND 

During  the  1970s,  the  United  States  Army  cotx;luded  that  its  fire  support  capability  was  inferior  to 
that  of  potential  adversaries  due  to  their  three-to-one  numerical  advantage  in  fire  support  assets.  The 
qualitative  superiority  that  had  long  existed  was  also  eroding  due  to  extensive  force  modernization 
being  undertaken  by  the  Soviet  Union  arxl  other  countries.  To  counter  the  increased  threat,  the  United 
States  Army  guided  into  the  development  cycle  a  number  of  new  systems  whose  purpose  was  to 
improve  the  U.S.  Army’s  fire  support  capability.  These  systems  included  the  TPQ-36/37  mortar  arxl 
battery  locating  radars  (FTREFTNDER),  moving  target  irxlication  (MIT)  radars,  and  remotely  piloted 
'Aphides  (RPVs)  to  improve  target  acquisition  capability;  dual  purpose  improved  conventional  muni¬ 
tions  (DP-ICMs),  the  multiple  launcher  rocket  system  (MLRS),  arxl  Copperhead  to  increase  target 
engagement  performaiKe;  and  the  fire  support  team  digital  message  device  (FIST  DMD),  the  position 
arxl  azimuth  determining  system  (PADS)  and  the  tactical  fire  direction  system  (TACFIRE)  to  improve 
field  artillery  system  responsiveness.  To  improve  system  responsiveness  and  to  reduce  system  vulnera¬ 
bility,  the  Advaixred  Field  Artillery  Tactical  Data  System  (AFaTDS)  has  entered  the  development 
cycle.  Changes  in  field  artillery  operations  are  also  being  considered.  Emphasis  has  shifted  away  from 
the  traditional  "lazy  W  battery  formation  and  toward  a  looser  battery  formation  in  order  to  take  advan¬ 
tage  of  tredines  or  other  natural  camouflage.  Spread  battery  and  even  autorK>mous  howitzer  operation 
to  compound  the  enemy^  countetfiie  problems  are  being  addressed  through  changes  in  fire  control, 
position  determination,  and  muzzle  velocity  determination  insnumemation 

Mud)  of  the  impetus  for  the  rapid  changes  in  equipment  and  tactics  was  provided  by  the  Battlek- 
ing  study.’  In  Tveptember  1974  the  Assistant  Secretary  of  the  Army  (Research  and  Development) 
requested  the  Chief  of  Research,  Development  and  Acquisition  to  conduct  a  study  of  the  total  artillery 

^Office,  Deputy  Chief  of  Staff  for  Research,  Development,  and  Aquisition,  "Report 
of  Artillery  System  Study  Group  (Task  Force  Battleking) ,"  December  1974. 
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system.  The  results  of  the  study  (not  discussed  here)  ha.'ve  shaped  much  of  the  artillery  system  think¬ 
ing  that  has  subsequently  evolved  and  influenced  the  de^opment  cycle  of  many  of  the  piewusly 
listed  items. 


During  the  1970s  and  continuing  imo  the  1980s,  a  series  of  tests  were  sponsored  by  the  US  Army 
Human  Engii^ring  Laboratory  (HEL)  to  assess  field  artillery  performance  using  traditional  and 
developmental  equipment  and  doctrine.^  These  tests  are  the  Human  Engineering  Laboratory  Battalion 
Artilleiy  Tests  (HELBAT)  and  have  been  conducted  at  one  to  three  year  intervals  at  Ft  Hood,  Texas 
and  Ft.  Sill,  Oklahoma.  The  HELBAT  exercises  have  uncovered  numerous  "soft  spots"  in  field  artillery 
performance  and  in  many  cases  have  recommended  procedural  and/or  equipment  changes  needed  to 
rectify  field  artillery  weaknesses.  For  example,  pertinent  to  the  study  described  in  this  repon,  a  cotKiu- 
sion  resulitng  from  HELBAT  7  (Feb  1979)  was  that  the  field  artillery  command,  control,  and  communi¬ 
cations  (C*^)  problem  was  mote  severe  than  had  been  previously  believed,  ^r  this  reason,  Cr  was 
made  the  first  priority  item  for  HELBAT  8  (Oct  1981). 

Amther  effort  undertaken  to  investigate  field  artillery  performance  is  the  Artillery  (Control 
Environment  (ACE).  This  program,  initiated  by  the  US  Army  Ballistic  Research  Laboratory  (BRL), 
entails  the  development  of  a  fire  support  control  simulatcx'  which  is  expected  to  ser\e  as  a  methodology 
for  developing  and  evaluating  various  alternatives  in  the  techtulogical,  materiel,  organization,  and 
operational  aspects  of  fire  control.  ACE  is  an  interactiw,  real-time,  multi-player  fire  support  control 
simulator  with  which  problems  can  be  identified  arxl  analyzed,  and  potential  solutions  to  these  problems 
evaluated  using  a  variety  of  systems  and  scenarios.  With  ACE,  various  hardware,  software,  human 
interface  technology,  and  systems  concepts  can  be  studied  wtithout  expending  the  financial,  time,  and 
manpower  resources  needed  to  build  complete  dedicated  hardware.  Plans  are  currently  beirig  made  to 
use  ACE  to  investigate  some  general  problem  areas  including  anillery  ^tem  training,  decision  and 
control  theory  applications,  man-machine  interface  requirements,  and  the  application  of  artificial  intdli- 
gence,  gaming  theory,  and  distributed  decisiott-making  processes  to  &e  suppon  control  automatioa.^ 

Tlie  Ballistic  Research  Laboratory  Processing  Model  (BRLMPM)  was  initially  developed  as  part  of 
the  ACE  Program  but,  since  it  is  actually  a  model  rather  than  a  techmlogy,  has  become  a  stand-alone 
entity.  The  BRLMPM  was  developed  as  a  tool  for  tracing  the  flowr  of  messages  through  any  communi¬ 
cations  network.  The  version  used  in  the  study  described  in  this  report  is  based  on  TaCEIRE 

For  the  past  five  years  or  so,  the  US  Army  has  been  looking  imensively  at  the  possibility  of 
developing  a  new  howitzer  to  replace  the  ISSmm  M109A2/A3  which  is  currently  being  used  by  the 
field  artillery  in  a  direct  support  role.  This  effort  first  centered  around  the  enhanced  self-propelled  artil¬ 
lery  weapon  system  (ESPaWS)  study.  The  purpose  of  that  study  was  to  examine  new  technologies  and 
materiels  with  the  objective  of  making  them  available  during  the  design  process  of  a  new  howhtzer.  Tn 
analyzing  the  threat  the  new  howitzer  would  be  expected  to  counter  the  various  roles  played  by  the  field 
artillery^ and  the  manner  in  which  it  could  play  those  roles  with  existing  and  proposed  equq)ment  were 
studied  ’in  detail.  The  ESPAWS  effort  was  directed  by  the  Large  CUiber  Weapon  System  Laboratory 
(LCWSL)  of  aMCCOM  and  consisted  of  both  US  ^my  laboratory  in-house  efforts  and  commercial 
contracts. 

Touring  1981  the  ESPAWS  effort  was  phased  into  the  Division  Support  Weapon  System  (DSWS) 
siuc'y  which  was  concerned  with  incorporating  the  new  technologies  into  system  desiga  To  provide 
more  cfTcctivc  management  of  the  DSWS  program  and  to  assure  that  valid  methodology  would  underlie 
pertinent  decision  making,  a  System  Analysis  Working  Group  (SAWG)  was  established  PM/CAWS. 

"R.B.  Pengelley,  "HELBAT  -  The  Way  to  Tomorrow’s  Artillery?,"  International  Defense 
Review,  1/1980. 

^Barry  L.  Reiahard,  "Fire  Support  Control  at  the  Fighting  Level,"  BRL  Special 
Publication  No.  ARBRL-SP-00021,  July  1981.  (ADB  0S9S50L) 


This  working  group  provides  t  forum  for  the  eschsnge  of  idess,  methodology,  tod  dim  among  those 
responsihle  for  the  DSWS  qrstem  ansiysis.  One  of  its  sress  of  emphasis  is  in  Cr  aoaiysis  since  field 
artillery  communications  is  a  majot  obstacle  to  die  timely  completion  of  field  artillery  missions.  The 
relative  newness  of  the  field  artillery  Cr  concern  has  meam  that  the  methodology  used  to  address  this 
issue  is  also  new  and,  since  it  is  often  based  on  limited  field  data,  is  inadequately  validated. 

The  objectives  of  the  study  described  in  this  report  can  be  considered  m  be  answers  to  a  set  of 
specific  questions.  What  are  the  assumptions  that  drive  the  Norden  model?  Are  these  assumptions 
compatible  with  standard  field  artillery  tactics?  How  does  the  Norden  model  work?  How  do  the  results 
obtained  with  the  Norden  model  compare  with  those  obtained  with  the  BRLMPM?  How  do  these 
results  compare  with  whatever  results  are  available  from  field  trials?  One  additional  objective  was 
added  to  satisfy  BRL  needs.  What  weaknesses  in  die  BRLMPM  have  been  found  by  performing  the 
comparison? 

m.  METHODOLOGY  AND  MODEL  INPUTS 

The  Norden  Battery  model  and  the  BRLMPM  are  described  in  references  four  through  six. 

Both  models  vere  designed  to  simulate  the  field  artillery  communications  system  in  its  ability  to 
manage,  tranL.iiit,  and  process  the  messages  needed  to  conduct  assigned  fire  missions.  The  two  models 
are  quite  similar  in  many  of  their  aspects  but  differ  in  several  important  ways.  In  the  discussion  that 
follows,  the  two  models  will  be  described  as  if  diey  were  a  single  model.  Only  where  pertinem 
differences  between  them  exist  will  the  contrasting  characteristics  of  the  two  models  be  cited. 

Both  models  are  characterized  by  a  set  of  missions,  each  of  which  is  a  time-ordered  sequence  of 
messages  needed  to  perform  a  fire  mission,  a  network  over  which  the  messages  and  acknowle^ements 
must  flow,  and  a  set  of  rules  to  describe  the  manner  in  which  the  individual  messages  are  processed. 

The  field  anillery  network  simulated  in  both  models  is  shown  in  Hgure  1.  Five  unit  (ncxial)  types 
were  included  in  the  simulatioa  Each  unit  is  represented  in  the  figure  as  a  geometrical  shape  (triangle, 
circle,  or  square)  and  is  located  on  a  horizontal  lire  with  the  type  of  unit  indicated  on  the  right  side  of 
the  figure.  The  line  connecting  ar^  two  units  is  a  communication  link.  One  or  mote  links  that  are 
assigned  the  same  radio  frequency  comprise  a  net.  Hie  simulations  performed  for  this  study  divided 
the  network  of  Figure  1  into  six  nets.  Three  of  these  nets  are  fire  direction  (FD)  nets  and  comprise 
those  links  above  the  level  of  battery  and  contained  within  one-third  of  the  figure.  The  gun  orders 
(GO  -  unofficial  usage)  nets  are  those  links  that  coruiect  each  battery  to  its  assigned  gun  sections.  In 
the  Norden  model  there  is  a  link  to  each  irxlividual  howitzer,  not  just  to  the  gun  sections.  It  can  be 
seen  that  each  FD  net  is  comprised  of  twelve  links  and  each  GO  net  is  comprised  of  two  links. 

A  list  of  some  message  processing  rules  applicable  to  the  BRLMPM  follows. 

•  The  field  artillery  iBtwork  is  subdi^ded  into  a  number  of  individual  nets. 

•  Only  one  message  at  a  time  can  be  transmitted  over  any  net 

•  When  each  message  reaches  its  destination,  a  processing  delay  time  must  pass  before 

the  hot; I  message  can  be  generated. 

o  Queues  may  develop  at  any  processing  point  (node).  The  messages  in  any  queue  are 

Allan  D.  Avonoff,  et  al,  "Enhanaed  M109A2/A3  Concept  Definition  Study,  Phase  IB, 
Final  Scientific  and  Technical  Report,"  Norden  Systems,  Inc.,  31  July  1962. 

^Morton  a  Hirschberg,  "The  BRL  Message  Processing  Model  (BRLMPM),"  BRL  Report  No. 
ARBRL-TR-02464,  January  1983.  (ADA  125460) 

°Alan  R.  Downs  and  Morton  A.  Hirschberg,  "A  Sensitivity  Analysis  of  the  BRL  Message 
Processing  Model  (BRLMPM)  Data  Inputs,"  BRL  Memorandum  Report  No.  ARBRL-MR-03230, 
December  1982.  (ADA  123335) 


Figure  1.  The  Field  Artillery  Communi 
in  Both  Models 


processed  in  the  order  in  which  they  entered  the  queue: 

•  When  a  message  is  received  at  any  node,  it  must  be  acknowledged  before  the  next  mes¬ 
sage  can  be  sent 

The  Norden  model  has  a  ^ilar  set  of  rules.  It  will  be  seen  that  even  a  slight  difference  in  the  rules 
can  make  a  substantial  difference  in  model  performance: 

Hie  fire  missions  in  both  models  are  represented  by  a  set  of  sequential  messages  between  units 
aixl  tlie  processing  delays  at  each  unit  Tn  the  original  Norden  study,  nine  different  types  of  fire  mis¬ 
sions  were  considered.  Tn  the  study  described  here  only  four  of  these  were  considered,  nantely,  FIST 
originated  missions  in  wltich  the  firing  battery  is  under  centralized  battalion  control  (non-autonomous 
operation).  The  four  hre  missions  considered  in  this  stutfy  are  shown  in  Tables  1  through  4  and  are 
equivalent  to  Figures  B-1,  11-2,  B-3,  and  R-5  of  reference  4.  Certain  pieces  of  needed  information 
(delays  or  message  lengths)  were  missing  in  the  referenced  report  and  were  therefore  obtained  from 
other  sources.  These  inserted  pieces  of  information  are  indicated  by  asterisks. 

Tliese  mission  profiles  were  input  directly  in  the  Norden  model  but  had  to  be  modified  prior  to 
use  in  the  RRLMPM.  The  reasons  for  and  the  nature  of  these  modifications  will  be  discussed  in  the 
next  section  The  processing  delays  shown  in  Tables  1  through  4  represent  mean  times.  The  values 
used  in  running  the  models  were  obtained  by  samplirtg  from  the  distributions  of  these  mean  delay 
times.  In  the  Norden  model  the  distribution  is  exponential;  in  the  BRLMPM  the  disuibution  is  tri¬ 
angular. 

Tltc  simulations  performed  with  the  two  models  were  based  on  combat  scenarios  in  which  the 
four  mission  types  were  represented  in  different  proportions.  Six  such  scenarios  vi«re  considered  and 
the  .mission  mixes  for  each  are  described  in  Table  4-3  of  reference  1.  The  information  in  this  table  that 
is  pertineiu  to  the  BRLMPM  was  converted  to  frequencies  of  occurrence  for  each  of  the  four  mission 
types.  The  frequencies  for  each  mix  are  presented  in  Table  S. 

The  messages  that  characterize  each  of  the  four  mission  profiles  are  rqrresented  by  their  lengths 
in  bits.  In  the  BRLMPM  the  actual  length  used  is  again  obtairied  by  sampling  from  a  triangular  distri- 
butiorv  however  for  this  study,  the  sampling  range  was  made  very  narrow  (only  m>  bits)  to  more  accu¬ 
rately  duplicate  the  workings  of  the  Norden  modeL 


TV.  PROCEDURE 

Tltc  Norden  study  was  conducted  using  twelve  mission  mixes.  Only  »x  of  these,  the  non- 
autonomous  missions,  were  duplicated  with  the  BRLMPM.  Channel  capacity  (or  transmission  rate)  and 
nod.-'.!  service  (delay)  lime  were  both  used  as  iixfependera  variables  in  the  Norden  model,  thus  generat¬ 
ing  tvTO  data  sets  for  each  mission  mix.  In  the  BRLMPM  runs,  only  charmel  capacity,  with  transmission 
rate,  of  3(X),  1200,  and  4800  bits/sec,  was  used  as  an  indepeixlent  variable.  The  six  measures  of 
cffcciivcness  used  in  the  Norden  study  are: 

o  fraction  of  missions  completed, 

o  mean  mission  duration, 

o  FD  net  queue  entries, 

o  FD  net  fractional  utilization. 


o  GO  net  queue  entries,  and 


table  1.  ARFA  MISSIOM-AT  my  command*  hn,  control 


MESSAOr 

MIJMRFO 

SENDER 

addressee 

MESSAGE 

TYPE 

DELAY 

(SEC) 

LENGTH 

(PITS) 

1 

FIST 

BNFOC 

FRGRIO 

B3.0 

528 

2 

PNFDC 

RMESO 

FMtPFAE 

5,0 

ft04ft 

3 

HNFOC 

PATT 

FMJFC 

2.0 

ft04H 

4 

HMFDC 

FIST 

FMIMTO 

1.0 

3108 

5 

PATT 

GUNS 

GO 

2.5 

3«40 

ft 

GUNS 

PATT 

ACK 

2.5 

390 

7 

PATT 

GUNS 

POLL 

15.0 

3120 

R 

GUNS 

PATT 

READY 

1.0 

390 

Q 

PATT 

FIST 

READY 

2.5 

12ft0 

1  0 

FIST 

PATT 

fire 

0.0* 

528 

1  I 

PATT 

GUNS 

FIRF 

2.5 

280 

12 

PATT 

GUNS 

POLL 

1.1 

3120 

n 

guns 

HATT 

SHOT 

2,5 

390 

14 

PATT 

FIST 

SHOT 

2.5 

12ft0 

IS 

matt 

GUNS 

poll 

1.1 

3120 

1ft 

GUNS 

PATT 

CDMPLFTF 

2.5 

390 

17 

PATT 

FIST 

SRI. ASH 

52.5 

l?ftO 

1« 

FIST 

PNFDC 

SUHS  AOJ 

3.0 

5?H 

IR 

p^!F  nc. 

PATT 

FMJF  C 

2.0 

ft04B 

2n 

PATT 

Gllf'IS 

GO 

2.5 

3P40 

21 

GUNS 

PATT 

ACK 

2.5 

390 

22 

PATT 

GUMS 

POLL 

15.0 

3120 

23 

GUNS 

HATT 

RFADY 

1.0* 

390 

24 

hatt 

FIST 

ready 

2.5 

12ftn 

2S 

FIST 

hatt 

FIRE 

0.0* 

52H 

2ft 

hatt 

GUNS 

EIRE 

2.5 

280 

27 

PATT 

GUNS 

POLL 

1.1 

3120 

2ft 

GUNS 

hatt 

SHOT 

2.5 

390 

PATT 

FIST 

SHOT 

2.5 

12ft0 

30 

PATT 

GUNS 

POLL 

1.1 

3120 

31 

GUi'IS 

HATT 

complete 

2.5 

3R0 

32 

PATT 

FIST 

SPLASH 

52.5 

l?ftO 

33 

FIST 

PNFDC 

EFF 

3.0 

528 

34 

PNFDC 

PATT 

FMJEC 

2.0 

ft04F 

3S 

PATT 

Gl  INS 

GO 

2.5 

3P40 

3ft 

guns 

PATT 

ACK 

2.5 

390 

37 

PATT 

GUNS 

POLL 

15.0 

3120 

3B 

GUNS 

PATT 

RFADY 

1.0 

390 

3R 

PATT 

FIST 

RFAI'Y 

2.5 

12ft0 

40 

FIST 

PATT 

FIRF 

0,0* 

528 

41 

PATT 

GUNS 

FIRF 

2.5 

?ftO 

42 

PATT 

GUNS 

poll 

1.1 

3120 

4  3 

GUNS 

PATT 

SHOT 

2.5 

390 

44 

HATT 

FIST 

SHOT 

2.5 

1  PftO 

45 

HATT 

GUMS 

POLL 

1  .  1 

3120 

4ft 

GUNS 

PATT 

COMPLFTF 

2.5 

390 

47 

hatt 

FIST 

SPLASH 

47.5 

IPftO 

4ft 

FIST 

PNFDC 

FOMFSURV 

3.0 

52H 

4R 

PNFDC 

PNFSn 

AFtU  MFR 

5.0 

ft04H* 

50 

PNFDC 

PATT 

t  OM 

2.0 

207ft 

51 

PATT 

GUMS 

FOM 

2.5 

2H0 

52 

Glif'lS 

PATT 

ACK 

2.5 

390 

*VA|  mF:  not  given.  OBTAINFO  from  other  SOIIPCFS, 


comments 


1ST  ADJUST 
1ST  ADJUST 
1ST  ADJUST 
1ST  ADJUST 
1ST  ADJUST 
15T  ADJUST 
1ST  ADJUST 
1ST  ADJUST 
1ST  ADJUST 
1ST  ADJUST 
1ST  ADJUST 
1ST  ADJUST 
1ST  ADJUST 
?ND  ADJUST 

?Ni)  adjust 
?MD  adjust 

2MD  ADJUST 
2ND  adjust 
2MD  ADJUST 
2MI)  ADJUST 
2ND  ADJUST 
2MD  adjust 
2MD  ADJUST 
2ND  ADJUST 
2ND  ADJUST 
2MD  ADJiJST 
2ND  ADJUST 
2ND  adjust 
FIRF  FOR  EFFECT 
FIRE  FOR  EFFECT 
FIRE  FOR  EFFECT 
FIRE  FOR  effect 
FIRE  FOR  EFFECT 
FIRE  FOR  EFFECT 
FIRE  FOR  effect 
FIRE  FOR  EFFECT 
FIRE  FOR  EFFECT 
FIRE  FOR  EFFECT 
FIRE  FOR  FFFECT 
FIRE  FOR  FFFECT 

fire  for  effect 

FIRE  FOR  EFFECT 
FIRE  FOR  FFFECT 


table  ?.  AREA  MISSIOM-WHEN  READY*  BN.  CONTROL 


MESSARP 

NUMBER  SENDER 

MESSAGE 

ADDRESSEE  TYPE 

DELAY 

(SEC) 

LENGTH 

(BITS) 

1 

FIST 

BNFDC 

FRSHIFT 

48.0 

528 

2 

BNFDC 

8NFS0 

MO  I 

5.0 

6048 

.3 

HNFDC 

BATT 

FMIRFAF 

2.0 

6048 

4 

BNFDC 

FIST 

MTO 

1.0 

3108 

5 

BATT 

GUNS 

GO 

2.5 

3840 

6 

GUNS 

BATT 

ACK 

2.5 

390 

7 

BATT 

GUNS 

POLL 

15,0 

3120 

8 

GUNS 

BATT 

SHOT 

2.5 

390 

R 

BATT 

FIST 

SHOT 

2.5 

1260 

10 

BATT 

GUNS 

POLL 

1.1 

3120 

11 

GUNS 

BATT 

complete 

2.5 

390 

12 

BATT 

FIST 

SPLASH 

22.5 

1260 

13 

FIST 

BNFDC 

SUBS  ADJ 

3.0 

528 

14 

BNFDC 

BATT 

FMIFC 

2.0 

6048 

IS 

BATT 

GUNS 

GO 

2.5 

3840 

If. 

GUNS 

BATT 

ACK 

2.5 

390 

17 

BATT 

GUfJS 

POLL 

15.0 

31  20 

18 

GUNS 

BATT 

SHOT 

2.5 

390 

19 

BATT 

FIST 

SHOT 

2.5 

1260 

20 

BATT 

GUfS 

POLL 

1.1 

3120 

21 

GUNS 

BATT 

complete 

2.5 

390 

22 

BATT 

FIST 

SPLASH 

52.5 

1260 

23 

FIST 

BNFDC 

FEE 

3.0 

528 

24 

BNFDC 

BATT 

FMIFC 

2.0 

6048 

2S 

BATT 

GUMS 

60 

2.5 

3840 

26 

GUNS 

BATT 

ACK 

2.5 

390 

27 

BATT 

GUNS 

POLL 

15.0 

3120 

28 

GUNS 

BATT 

SHOT 

2.5 

390 

29 

BATT 

FIST 

SHOT 

2.5 

1260 

30 

BATT 

guns 

POLL 

1.1 

3120 

31 

GUNS 

BATT 

complete 

2.5 

390 

3? 

BATT 

FIST 

SPLASH 

47.5 

1260 

33 

FIST 

BNFDC 

EOMLSIIRV 

3.0 

52H 

34 

RMFDC 

BNFSO 

afuimfp 

5.0 

6048* 

3S 

BNFDC 

BATT 

EOM 

2.0 

2078 

38 

BATT 

GUMS 

FOM 

2.5 

280 

37 

GUNS 

BATT 

ACK 

2.5 

390 

*VAI. 

UF  NOT  GIVEN,  obtained  FROM 

OTHER  SOURCFS. 

comments 


1ST  ADJUST 
1ST  ADJUST 
1ST  ADJUST 
1ST  ADJUST 
1ST  ADJUST 
1ST  ADJUST 
1ST  ADJUST 
1ST  ADJUST 
2ND  ADJUST 
2ND  ADJUST 
2ND  ADJUST 
2ND  ADJUST 
2ND  ADJUST 
2ND  ADJUST 
2ND  ADJUST 
2ND  ADJUST 
2ND  ADJUST 
2ND  ADJUST 
FIRE  FOR  EFFECT 
FIRE  FOR  EFFECT 
FIRE  FOR  EFFECT 
FIRE  FOR  EFFECT 
FIRE  FOR  EFFECT 
FIRF  FOR  EFFECT 
FIRE  FOR  EFFECT 
FIRE  FOR  EFFECT 
FIRE  FOR  EFFECT 
FIRE  FOR  EFFECT 


TARLE 


COPPERHEAD  MISSION-BN,  CONTROL 


mfssaof  message  delay  length 


NUMRER 

SENDER 

addressee 

TYPE 

(SEC) 

(BITS) 

1 

FIST 

RNFDC 

FPGRID 

53.0 

52R 

2 

RNFOC 

RNFSO 

FMtRFAF 

5.0 

604B 

3 

RNFDC 

BATT 

FMJFC 

2,0 

604P 

4 

RNFDC 

FIST 

MTO 

2.0 

310R 

5 

batt 

GUNS 

GO 

2.5 

3R40 

6 

GUNS 

RATT 

ACK 

2.5 

390 

7 

ratt 

guns 

POLL 

50.0 

3120 

R 

RUNS 

RATT 

READY 

2.5 

390 

9 

RATT 

FIST 

READY 

1.0 

1  26  0 

10 

FIST 

RATT 

FIPF 

0.0* 

52B 

11 

ratt 

GUNS 

FIRE 

2.5 

280 

1? 

ratt 

GUNS 

POLL 

1.1 

3120 

13 

GUNS 

RATT 

SHOT 

2.5 

390 

14 

ratt 

FIST 

SHOT 

2,5 

1260 

IS 

ratt 

GUNS 

POLL 

1.1 

3120 

16 

GUNS 

RATT 

complete 

2.5 

390 

17 

RATT 

GUNS 

POLL 

21.1 

3120 

IR 

ratt 

FIST 

SPLASH 

27.5 

1260 

19 

GUNS 

RATT 

SHOT 

2.5 

390* 

20 

RATT 

FIST 

SHOT 

2.5 

126  0 

21 

ratt 

GUNS 

POLL 

1.1 

3120 

22 

RUNS 

RATT 

complete 

2.5 

390 

23 

ratt 

FIST 

SPLASH 

52.5 

1260 

24 

FIST 

RNFDC 

EOMli  SURV 

3.0 

528 

25 

RNFDC 

RNFSO 

afu;mfr 

5,0 

6048* 

26 

RNFOC 

RATT 

FOM 

2.0 

2076 

27 

RATT 

GUNS 

EOM 

2.5* 

280 

2R 

GUNS 

BATT 

ACK 

2.5 

390 

*VALnE  NOT  GIVEN,  ORTAINED  FROM 

OTHER 

SOURCES. 

comments 


16 


TABLE  4.  FIRE  FOP  EFFECT-FIST  OPIGINATEDt  RN.  CONTROL 


MESSAOF  MESSAGE  DELAY  LENGTH 

NUMBER  SENDER  ADDRESSEE  TYPE  (SEC)  (PITS)  COMMENTS 


1 

FIST 

BNFDC 

FFE 

43.0 

5?B 

2 

RNFDC 

BNFSO 

FMIRFAF 

S.O 

604B 

3 

HNFOC 

BATT 

FMIFC 

2.0 

604B 

4 

BNFDC 

FIST 

MTO 

1.0 

3108 

S 

batt 

GUNS 

GO 

2.S 

3840 

6 

RUNS 

BATT 

ACK 

?.S* 

3R0 

7 

BATT 

GUNS 

POLL 

15.0 

3120 

fi 

GUNS 

BATT 

SHOT 

2.5 

390 

R 

BATT 

FIST 

SHOT 

2.5 

1260 

10 

batt 

GUNS 

POLL 

1.1 

3120 

1  I 

GUNS 

BATT 

complete 

2.5 

390 

1? 

BATT 

FIST 

SPLASH 

47.5 

1260 

13 

FIST 

BMFDC 

eomfsurv 

3.0 

528 

14 

BNFDC 

BNFSO 

AFUIMFR 

5.0 

604P* 

IS 

BNFDC 

BATT 

EOM 

2.0 

2076 

16 

BATT 

GUNS 

EOM 

3.6 

?P0 

17 

GUNS 

BATT 

ACK 

2.5 

390 

*VALilF 

NOT 

GIVEN,  obtained  from 

OTHER 

SOURCFS. 

TABLE 

5.  FREQUENCY  OF 

OCCURRENCE 

OF  MISSION  TYPES 

frequency 

OF  occurrence  OF  ' 

MI5SI0^'  NUMBER 

MIX 

1 

2 

3 

4 

****<n»<nnnnnnnnnn»************»*****»*********** 

1 

0.66 

0.00 

0.23 

0.11 

2 

0.00 

0.66 

0.23 

0.11 

3 

0.00 

0.00 

0.23 

0.77 

4 

0.10 

0.10 

0.23 

0.S7 

5 

0.22 

0.22 

0.23 

0.33 

6 

0.33 

0.28 

0.23 

0.16 

17 


•  GO  net  franional  utilizatioa 


The  same  nieasures  of  effectiveness  weie  addreawd  usim  the  BRLMPM.  For  thh  siixfy«  the  six  mis¬ 
sion  mixes  and  the  three  transmission  rates  examined  resulted  in  18  differem  combinations.  Since  six 
diffeiem  responses  a«re  measured  for  each  mix  -  ram  combination  a  total  of  108  data  points  aete  gen¬ 
erated.  None  of  the  combinations  was  replicated. 

The  mission  initiation  information  used  in  the  Norden  simulation  was  provided  to  the  RRL  by 
Norden  personnel.  This  information  is  shown  in  TaNe  6.  A  total  of  321  missions  were  irutiated  in  the 
Norden  study,  the  first  occurring  at  24S  minutes  (an  arbitrary  zero  time);  the  final  one  at  S98  minutes. 
Since  the  Norden  model  has  one  feature  that  the  BRLMPM  does  trot,  namely,  the  ability  to  delete  mis¬ 
sions  in  progress  when  a  target  perishability  limit  is  exceeded,  these  data  twre  edited  prior  to  use  in  the 
BRLMPM.  The  criterion  used  was  that  if  a  given  target  duration  was  less  than  ten  minutes,  no  mission 
was  initiated  in  the  BRLMPM  to  engage  the  target.  (This  procedure  is  artificial  in  that  it  presupposes 
information  not  available  to  the  RST  at  the  time  of  target  acquisition.)  The  net  effect  of  this  exj^ieru 
is  to  eliminate  some  messages  included  in  the  Norden  simulation  (those  assigned  to  perishable  targets) 
and  '.o  include  some  messages  not  included  in  the  Norden  simulation  (those  completing  other  missions 
the  Norden  simulation  would  have  terminated  due  to  target  perishability),  with  the  hope  that  the  effects 
tend  to  balance  out.  In  the  BRLMPM  simulation,  9S  of  the  321  targets  were  discarded  prior  to  firingi 
thus  226  missions  in  S.88  hours  (S98  minutes  -  245  minutes)  were  initiated. 

Roth  models  were  driven  by  the  mission  initiation  sequence  shown  in  Table  6.  All  the  missions 
shown  in  this  table  were  initiated  in  the  Norden  simulations.  In  the  BRLMPM  simulation  the  missions 
for  v/ltich  the  target  duration  was  less  than  ten  minutes  ««re  not  initiated.  These  missions  are  indicated 
by  asterisks. 

The  mission  initiation  sequence  used  in  the  BRLMPM  simulation  is  shown  in  Hgure  2.  The  solid 
curve  is  a  smooth  fit  to  those  points  in  Table  6  not  indicated  by  asterisks.  The  dashed  lines  represent 
instantaneous  mission  initiation  rates  and  can  be  compared  to  the  slope  of  the  solid  curve.  As  can  be 
seen,  the  mission  initiation  rate  at  the  start  of  the  simulation  is  about  200  missions/hour  and  steadily 
decreases  to  about  20  missions  per  hour  at  the  end  of  the  simulation  5.88  hours  later. 


V.  RESULTS 


A.  A  Priori  Predictions  of  Model  Performance 

The  time  required  to  complete  a  single  mission  can  be  estimated  for  each  model  by  adding  the 
time  needed  to  transmit  all  messages  nsquired  to  complete  the  mission,  the  nodal  delays  resulting  from 
message  processing,  and  some  non-productive  delays  resulting  from  the  nature  of  the  field  artilleiy  pro¬ 
cedure  or  communications  system. 

Tt  is  a  simple  matter  to  calculate  the  expected  mission  duration  for  the  Norden  model.  The  mis¬ 
sion  duration  is  simply  the  number  of  bits  required  to  perform  the  mission  divided  by  the  channel  ce¬ 
city  (or  transmission  rate)  in  bits/scoond,  plus  the  total  nodal  delay  time.  Three  channel  capacities 
were  coasidured  in  this  study.  3(X),  12(X)  and  48(X)  bits/secoixL  The  results  of  this  calculation  for  the 
four  mission  profiles  of  Table  1  -4  are  shown  in  Table  7. 

The  situation  is  not  as  simple  for  the  BRLMPM  for  sewral  reasons.  Rrst,  a  perusal  of  Tables  1 
to  4  shows  that  the  only  messages  that  are  acknowledged  ore  gun  orders.  This  procedure  is  in  line  with 
Marine  Corps  pmccdurc  with  the  Marine  Integrated  Fire  and  Air  Support  System  (MIFASS)  on  which 
the  Norden  Battery  Cr  model  is  based.  It  is  not,  howe\«r,  in  line  with  Army  procedure  in  which  all 


TABLE  f>.  MISSION  INITIATION  TIMES  USED  IN  BOTH  MODELS 


T  N I T  . 

OUPA- 

INIT. 

DURA¬ 

TIME 

TION 

TIME 

TION 

NO, 

(MIN) 

(MIN) 

NO. 

(MIN) 

(MIN) 

1 

?4S 

21 

41 

270 

56 

? 

?45 

21 

42 

270 

66 

1 

?45 

27 

43 

270 

56 

4 

740 

70 

44 

770 

56 

5 

248 

21 

*45 

271 

6 

6 

740 

54 

46 

272 

29 

7 

740 

47 

47 

272 
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TARLP  6.  (COMTINUED) 
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table  6.  (CONTINUED) 
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TARLF  6,  (CONTINUEH) 
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Figure  2.  Mission 


messages  are  acknowledged  In  order  to  provide  suitable  ir^uts  to  the  BRLMPM,  all  acknowledge¬ 
ments  had  to  be  removed  from  the  mission  proBles  (Tables  1  to  4)  since  the  HRLhff  M  automatically 
generates  acknowledgements  to  each  message.  The  time  to  transmit  each  acknowledgement  (390  bits) 
can  then  be  calculated  In  addition,  for  each  transmission  (message  or  acknowledgementX  the  net  is 
tied  up  for  a  period  longer  than  that  necessary  to  transmit  the  message.  When  the  transmit  button  is 
pushed  there  is  first  a  turn-on  time  for  the  rado  net  that  averages  0.205  seconds.”  Next,  there  is  a  net 
access  delay  time  which  is  a  delay  between  the  time  a  message  is  projected  into  a  net  and  the  time  the 
message  is  routed  to  its  destinatioa  The  net  access  delay  time  averages  1.19S  seconds.  Finally,  there 
is  a  message  preamble  which  is  a  set  of  identifiers  that  characterizes  the  transmitter  and  assures  that  the 
following  message  is  real  rather  than  a  decoy.  The  message  preamble  time  averages  1.638  seconds. 

The  results  of  acknowledging  all  messages  and  including  the  tum-on,  net  access  and  message 
preamble  delays  in  all  transmissions  were  calculated  and  are  shown  in  Table  8.  It  can  been  seen  that 
the  minimum  possible  mission  duration  (no  message  queues  or  failures)  tanged  from  five  to  nineteen 
minutes  in  the  RRLMPM  depending  on  channel  capacity  and  mission  type  and  between  2  Vi  and  12 
minutes  in  the  Norden  modeL 

The  pertinent  information  from  Tables  7  and  8  was  weighted  by  the  frequencies  of  occurrence 
shown  in  Table  S.  The  results,  now  as  a  Ainction  of  mix,  are  presented  in  Table  9.  It  is  apparent  that, 
for  the  given  mixes  of  mission  types,  the  minimum  possible  mission  duration  obtained  with  the  Norden 
model  (mix  three)  is  3.1  minutes  as  opposed  to  S.4  minutes  with  the  BRLMPM.  More  likely  values 
resulted  from  using  Mix  2  with  a  channel  capacity  of  1200  bits/sec  for  which  the  corresponding 
mimbers  are  6.3  minutes  and  9.6  minutes  respectively.  The  ability  to  complete  a  field  artillery  mission 
in  this  time  is  contingent  upon  two  restrictions.  First,  none  of  the  messages  has  to  wait  in  a  queue  to 
be  acted  upoa  Second,  none  of  the  messages  fails  and  thus  has  to  be  repeated. 

In  reality,  these  restrictions  are  likely  to  be  impossible  to  meet  Fust,  as  will  be  seea  the  rate  at 
which  missions  are  initiated  in  this  study  (on  the  average,  one  mission  every  94  seconds)  assures  that 
on  the  average  at  least  three  missions  must  be  in  progress  simultaneously  thus  building  up  queues  at 
choke  poirus.  Second,  limited  HELBAT  8  dau  intotes  that  a  nnessage  failure  rate  of  ten  percent  is 
likely.  Rased  on  these  facts,  it  is  apparent  that  these  minsnura  possible  actual  missbn  durations  must 
be  revised  upwards  significantly. 

It  is  apparent  that  certain  units  are  mote  likely  to  be  overloaded  than  others  in  processing  a  fire 
missioa  Oix  measure  of  the  overloading  likelihood  is  the  laimbers  of  communication  links  each  unit 
is  required  to  maintain.  Amther  such  measure  is  the  number  of  messages  and  acknowledgemems 
received  by  each  unit  type  in  performing  a  complete  fire  raissioa  These  measures  of  the  likelihood  of 
overloading  are  presented  in  Table  10.  The  final  column  was  based  on  an  analysis  of  mission  mix  six 
which  is  compoWd  of  more  niarly  equal  contributions  from  the  four  mission  types  than  the  other 
mixes.  It  is  apparent  from  this  table  that  the  RNFDC  and  the  battery  FDCs  are  most  likely  to  be  the 
overloaded  units  in  a  realistic  combat  scenario.  The  Norden  model  constrains  the  number  of  fire  mis¬ 
sions  that  can  be  simultaneously  processed  to  ten  at  the  RNFDC  and  three  at  the  battery  FDC.  There 
are  no  corresponding  limits  in  the  RRLMPM. 

R.  Comparison  Between  the  Outputs  of  the  Two  Models 

Results  of  runs  made  with  the  Norden  Battery  C^  Model  and  the  RRL  Message  Processing  Model 
arc  shown  in  Tables  11  and  12.  As  before,  "Mix"  is  defined  by  Table  S  and  "Channel  Capacity"  is 
transmission  rate  in  bits/sec.  "Fraction  Completed"  is  the  ratio  of  missions  completed  to  missions  ini¬ 
tiated  and  "Mean  Duration"  is  the  arithmetic  average  of  the  durations  of  all  completed  missions. 

The  FD  (fire  direction)  net  connects  the  three  FISTa,  the  BNFSE,  the  RNFDC,  and  the  Battery 
FDC.  The  GO  (gun  orders  -  unofficial  usage)  net  connects  the  battery  FDC  with  the  individual 
howitzers.  Three  of  each  of  these  nets  ate  needed  to  provide  battalion  fire  support  "Entries"  is  the 
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number  of  times  messages  enter  the  proper  queue  (BNFDC  queue  for  the  FD  net,  tanery  FDC  for  the 
GO  net)  and  "Util*  is  the  fractional  time  utilization  of  the  indicated  net. 

As  was  described  eariier,  both  the  Norden  model  aixl  the  HRLMPM  are  stochastic  models.  The 
amount  of  intrinsic  variation  to  be  expected  in  the  outputs  of  the  NcMden  model  is  unknowa  The 
amount  of  intrinsic  variation  to  be  expected  in  the  BRLI^M  was  estimated  by  running  the  model  ten 
times  under  identical  conditions  while  varying  only  the  random  number  sequence  that  was  employed. 
The  results  of  this  exercise  are  shown  in  Table  13.  The  condition  simulated  in  this  table  is  mission  mix 
six  at  a  channel  capacity  of  1200  bits/sec. 

The  coefficient  of  variation,  which  is  the  standard  deviation  of  a  data  set  divided  by  the  mean,  can 
be  used  as  a  measure  of  the  relative  dispersion  among  several  sets  of  data  that  are  of  different  orders  of 
magnitude  and  measured  in  different  units.  It  can  be  seen  that  the  relative  variations  are  greatest  in  the 
fraction  of  missions  completed  and  the  mean  mission  duration,  which  are  the  most  importam  variables. 
The  dispersion  shown  in  Table  13  should  be  kept  in  mind  to  avoid  a  too-rigorous  analysis  of  RRLMPM 
output  trends. 

The  FD  and  GO  net  utilizations  in  both  simulations  are  shown  in  Tables  14  and  IS.  The 
predicted  time  each  net  is  in  use  is  based  directly  on  the  amoum  of  time  it  would  be  tied  up  in  order  to 
complete  all  the  fire  missions.  The  predicted  mean  time  is  (since  there  are  three  nets  of  each  type) 
one-third  of  the  predicted  time.  The  predicted  fraction  of  time  is  the  predicted  mean  time  divided  by 
5.88  hours.  The  modeled  fraction  of  time  are  the  FD  arxl  GO  net  utilizations  shown  in  Tables  1 1  and 
12. 

To  exemplify  how  these  numbers  were  obtained,  the  various  iruerraediate  steps  in  the  case  of  mix 
one,  FD  net,  and  1200  bits/second  are  sitown  in  Table  16.  The  first  four  lines  in  this  table  were 
obtained  from  an  analysis  of  Tables  1-4,  the  results  being  acighied  by  the  frequencies  of  occurrence 
given  in  Table  5. 

Similar  differences  between  pretUaions  and  simulations  with  both  models  are  apparent  in  Tables 
14  and  IS.  In  both  net  types  the  net  usages  predicted  are  somewhat  less  than  those  resulting  from  the 
actual  simulation.  In  the  Norden  model  results,  the  sensitivity  of  the  net  usage  to  the  channel  c^^acity 
is  obvious.  In  the  BRLMPM  predictions,  the  sensitivity  to  channel  capacity  is  far  less  since  the  nets  are 
tied  up  by  events  other  than  message  oansmissioa  In  the  BRLMPM  simulations,  the  net  usage  is 
quite  insensitive  to  channel  capacity  siixre  more  r^)id  message  transmission  opens  up  net  time  to  repeat 
failed  messages  and  reduces  (but  d^  not  eliminate)  the  size  of  the  queues. 

Tlte  mission  durations  obtained  in  the  two  simulations  are  shown  in  Table  17.  As  can  be  seen, 
the  Norden  results  are  almost  double  the  a  priori  predictions  while  the  actual  values  obtained  usii^  the 
HRLMPM  far  exceed  the  predicted  values.  This  feature  can  be  easily  explained  by  noting  that  quotes 
develop  at  each  node;  queues  were  not  considered  in  the  predictions.  The  most  restrictive  queue  is  at 
the  RNFDC.  At  the  end  of  5.88  hours,  the  BNFDC  queue  length  averages  61  messages  for  the  18  con¬ 
ditions  considered.  For  a  message  to  advance  through  such  a  queue,  to  be  processed,  and  the  next 
mes.sage  in  the  mission  profile  transmitted,  there  is  a  nonproductive  (telay  of  at  least  six  minutes.  Of 
course  the  queues  arc  shorter  at  other  nodes  and  are  not  as  long  at  the  BNFDC  earlier  in  the  engage- 
ment,but  it  is  not  suiprising  that,  in  view  of  the  number  of  messages  needed  to  process  a  field  artillery 
mi.s:;ion,  esuemcly  long  mis.sions  can  result.  Reducing  the  number  of  messages  needed  to  perform  a 
field  anillcry  mission  v/ould  be  doubly  beneficial  in  that  not  only  would  less  time  be  required  to 
uansmit  and  process  the  needed  messages,  but  the  queue  lengths  would  be  sizably  reduced,  thus 
minimizing  the  nonproductive  delays  that  result 

The  fraction  of  missions  completed  in  both  models  is  shown  in  Table  18.  The  feature  of  most 
interest  here  is  that  there  is  a  slight  beneficial  effect  in  increasing  the  channel  capacity  that  is  evidem  in 
both  models.  Again  the  Norden  model  is  more  optimistic  than  the  BRLMPM,  but  not  by  drastic 
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tablf: 

10,  MEASURES 

OF  UNIT  OVERLOADING  LIKELIHOOD 

UNIT 

NUMBER 

MESSAGES  SENT 

Type 

OF  LINKS 

AND  RECEIVED 

«««««««««»««««««»««»««««««««»«« 

FIST 

3 

0.B6 

BNFSP 

5 

1.33 

BNFDr 

15 

iR.Bfl 

BATT 

7 

18.16 

GUNS 

1 

5.48 

TARLF  12.  RESULTS  OflTAINED  WITH  THE  RRLMPm 


CHArjNIEL 

CAPACITY 

FRACTION 

MEAN 

duration 

FD 

NFT 

GO 

NET 

MIX 

(RITS/SEC) 

complfted 

(MIN) 

ENTRIES 

UTIL  . 

ENTRIES 

UTIL. 

1 

300 

0,29 

187.6 

958 

0.98 

1220 

0.75 

1 

1200 

0.27 

187.0 

1012 

0.97 

1311 

0.79 

1 

4fl00 

0.33 

194.7 

1034 

0.97 

1336 

0.78 

2 

300 

0.18 

187.0 

801 

0.97 

1532 

0.88 

2 

1200 

0.23 

173.6 

928 

0.96 

1469 

0.89 

2 

4fi00 

0.22 

188.3 

900 

0.95 

1422 

0.85 

3 

300 

0.88 

118.9 

753 

0.92 

966 

0.55 

3 

1200 

0.84 

134.5 

996 

0.97 

1033 

0.57 

3 

4fl00 

0.82 

124.5 

979 

0.94 

1008 

0.55 

4 

300 

0.52 

148.5 

937 

0.97 

1146 

0.65 

4 

1200 

0.59 

139.0 

1005 

0.98 

1240 

0.66 

4 

4800 

0.81 

156.7 

987 

0.97 

1196 

0.65 

5 

30  0 

0.40 

151.8 

955 

0.97 

1321 

0.77 

S 

1200 

0.44 

155.1 

999 

0.97 

1379 

0.76 

5 

4800 

0.45 

143.0 

981 

0.97 

1338 

0.73 

6 

300 

0.29 

149.8 

951 

0.97 

1372 

0.78 

6 

1200 

0.30 

180.0 

991 

0.97 

1449 

0.83 

a 

4800 

0.27 

170.1 

1004 

0.97 

1505 

0.82 

30 


tablf:  13.  tenfolh  replication  of  the  BRLHPM 


MEAN 


fraction 

DURATION 

FD 

NFT 

on 

NET 

REPLICATION 

completeo 

(MIN) 

ENTRIES 

UTIL. 

entries 

UTIL. 

«*««»««»««««««»«««*«»««*»««»««««»»»««»«»»«««««««•«•«•»«*«* 

1 

.273 

186.95 

1012 

.971 

1311 

.788 

? 

.300 

179.95 

1005 

.975 

1331 

.826 

3 

.291 

169,96 

997 

.972 

1323 

.790 

!• 

4 

.264 

172.84 

994 

.965 

1328 

.795 

S 

.268 

188.41 

990 

.972 

1337 

.807 

.314 

179.46 

1013 

.974 

1329 

.794 

• 

7 

.264 

175.23 

1006 

.969 

1357 

.804 

fl 

.295 

175.29 

1004 

.970 

1363 

.803 

Q 

.282 

174.18 

999 

.975 

1353 

.810 

i 

1  0 

.327 

171.17 

1021 

.975 

1364 

.826 

- 

MEAN 

.288 

177.34 

1004 

.972 

1340 

.804 

*  '■ 

STO.  OFV. 

.022 

6.30 

9.48 

.0032 

18.40 

.0133 

»  . 

COEF,  OF  VAR 

.  .075 

.036 

.0094 

.0033 

.0137 

.01655 

ii 
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TABLF  14.  Fn  KjrT  IISAGF  OF  ROTH  MOOFLS  IN  5.fl8  HOURS  OF  BATTLE  TIME 


NOPOFN 


PRFO,  TINE 

NETS  IN 

USE  (SEC) 

PRED.  mean  time  nets  IN 

USE  (SEC) 

MIX 

300 

1200 

4800 

300 

1200 

4800 

««««»«««««««««««««««««««««««««««««*««««««««««««««»«#*»****«»«««»» 

1 

33082. 

8021  . 

200S. 

10694. 

2674. 

668. 

? 

39427. 

73S7. 

1839. 

9809. 

2452. 

613. 

3 

1 74?3. 

43S7. 

1089. 

S809, 

1452. 

363. 

4 

?1 4A7. 

S3S7. 

1342. 

71S6. 

1789, 

447, 

R 

^*>31  3. 

SS78. 

1S4S. 

8771. 

2193. 

548. 

h 

PO84*' . 

74S1  . 

ISftS. 

9949. 

2487. 

622. 

ppFnicTEn 

eoacTION 

OF  time 

HODELFO  fraction  OF  TIME 

FACn  HET  IS  I  1 

USE 

EACH  MFT  is 

IN  USE 

MI  X 

30  0 

1200 

4800 

300  1200 

4800 

\ 

.SOS 

.  1  2S 

.032 

.60  .20 

.05 

? 

.4»S3 

.1  l*s 

.029 

.58  .19 

.04 

3 

.?74 

.  0E.H 

.017 

.50  .13 

.03 

4 

.  338 

.  OsS 

.021 

.59  ,17 

.04 

S 

.414 

.104 

.0^8 

.61  ,18 

.04 

A 

.470 

.117 

.  029 

.61  .18 

.04 

40LMPM 


porn.  TI’^'F  NFTS  USE  (SFC)  ®RFD.  HE  AN  TI^E  NETS  IN  USE  (SECS 
30  0  l?nn  4R00  3(00  1200  4800 


1 

S388  1  . 

35618. 

28549. 

2 

S4<SS3, 

29248. 

22897. 

3 

33W91  . 

18644. 

14832. 

4 

4  1 S31  . 

22822. 

18132. 

5 

SOMOM  . 

27836. 

22093. 

6 

S7694, 

2162S. 

2S1 12. 

pproiCTFu 

fract  I 

1  OF  time 

EACH  met  is  in 

USF 

MIX 

300 

1200 

4800 

21294, 

11872, 

9516 

18218. 

9749, 

7632 

11297. 

6215. 

4944 

1 3860, 

7b07, 

6044 

16936. 

9279. 

7364 

19231. 

10543. 

8371 

'^OOELFU  FPACTH^N  of  TINE 
EACH  net  IS  IN  USE 
300  l?00  4800 


1  .00<s 


.4S0 


.98 


.P7 


table  IB.  fin  NET  USAGE  OF  BOTH  MODELS  IN  5.8fl  HOURS  OF  BATTLE  TIME 


NOROEN 


PPEO,  TIME 

NETS  IN 

USE  (SEC) 

PREO.  MEAN  TIME  NETS  IN 

USE  (SEC) 

MIX 

300 

1200 

4800 

300 

1200 

4800 

X 

1 

7B069, 

7017. 

1754. 

9356. 

2339. 

585. 

■ 

? 

22441  . 

5610. 

1403. 

7480. 

1870. 

468. 

3 

142R7. 

3574. 

894. 

4766. 

1191. 

298. 

4 

17618. 

4404. 

1101. 

5873. 

1468. 

367. 

B 

21603. 

5401  . 

1350. 

7201. 

1800. 

450. 

f, 

24638. 

6160. 

1540. 

8213. 

2053. 

513. 

f~ 

PPEniCTED 

fraction 

OF  time 

MODELED  FRACTION  OF  TIME 

.4 

EACH  NET  IS  IN 

USE 

EACH  NET  IS 

IN  USE 

MIX 

300 

1200 

4800 

300 

1200 

4800 

«««»«»««««««»««««««»«««««««««««•« 

1 

.442 

.111 

.028 

.12 

.17 

.18 

2 

.3B3 

.088 

.022 

.12 

.15 

.15 

3 

.228 

.056 

.014 

.06 

.07 

.07 

<9 

4 

.277 

.068 

.017 

.09 

.10 

.10 

B 

.  340 

.0  85 

.021 

.11 

.14 

.14 

f. 

.388 

.097 

.024 

.12 

.15 

.16 

•RRLHPM* 


popn,  TIME  nets  IM  use  (SEC)  PREO,  MEAN  TIME  NETS  IN  USE  (SEC) 
MIX  300  l?0O  4«00  300  1200  4800 

»••«*««««»«»»»•»•••••••••••»»«» 


1 

60530. 

35795. 

29609. 

20180. 

11932. 

9870. 

2 

45054. 

25834. 

21029. 

15018. 

8611. 

7010. 

3 

26343. 

14389. 

11401  . 

8781  . 

4796. 

3800. 

.! 

4 

34359. 

19366. 

15618, 

11453. 

6455. 

5206. 

J 

5 

43979. 

25339. 

20680  , 

14660  . 

8446. 

6893. 

6 

B1379. 

29948. 

24590, 

17126. 

9983. 

8197. 

PPPOICTFO 

fraction 

OF  TIME 

MODELFD  FRACTION  OF  TIME 

EACH  NFT  IS  IN 

USE 

EACH  NET  IS 

IN  USE 

MIX 

30  0 

1200 

4800 

300  1200 

4800 

««««« 

1 

.953 

.564 

,466 

.75  .79 

.78 

2 

.709 

.407 

.331 

.88  .89 

.75 

3 

.415 

.227 

.180 

.55  .57 

.55 

4 

.541 

.305 

.246 

.65  .66 

.65 

5 

.693 

.399 

.326 

.77  .76 

.73 

6 

.909 

.472 

.387 

.78  .83 

.82 
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TARLE  Ift.  nERiVATIOM  OF  TARLES  14  AMD  15  FOP 
MIX  1,  FO  NET,  AND  1200  BITS/'^FCOMD 

FACTOR  OF  INTFQEST  NOPDEN  RRLMPM 

«««««««'»»««»««»»«»«»«»»»««««»»«»««««»»««»»«»»««»»»»»«»««« 
MliMRER  OF  TPA^gSMI5SI0N5/MISSI0N  42, fe  78, ft 

NO.  OF  TRANSM. /MISSION  ON  FD  NET  19.1ft  -18,3? 

NIIMRER  of  RITS/MISSION  80202  94238 

MIIMRER  of  RTTS/mISSTON  0^;  FO  NET  42777  S0?49 

TIME  TO  transmit  (SECONDS)  3S.ft5  41,87 

TRANSMISSION  DELAY  (SECONDS)  OO.OO  lift, 4? 

TOTAL  time  on  FO  NETS  (SECONDS)  3^.85  158,29 

mean  time  on  FO  NET  (SECONDS)  11,88  52.7ft 

TOTAL  TIHE/FD  NET  (SECONDS)  ?ft73.5ft  11871,75 

FR4* 


TARLT  17.  wp/VM  nissin'i  niJOATTOKiS  ORTAINFD  WITH  ROTH  MORELS 

IN  s.RR  HOURS  oE  rattle  time 


MOPDEM- 


por  n  , 

'IS6T0^ 

niiPATION 

actual 

MISSION 

DURATIOM  (MIN) 

MT  y 

700 

120  0 

4800 

300 

1200 

4  80  0 

1 

10,60 

7.12 

6.27 

22.5 

16,5 

15.0 

2 

9.26 

6.34 

5.61 

20.0 

15.0 

13.5 

3 

6,34 

3.64 

3.09 

9.0 

6.0 

4.5 

4 

6.7? 

4.61 

3.95 

13.0 

8,0 

7.5 

i-  1 

6 

8.37 

6.67 

4,99 

16,5 

12.5 

11.0 

6 

9.68 

6.6? 

5.76 

21.0 

15,0 

13.5 

■RRLMPM' 


porn,  MTSSIn^|  niiRATIor'  (Mit;)  ACTUAL  hISSIOM  DIJPATION  (mIN) 
MIX  700  l?0n  4800  300  1200  4800 

1  1R.82  11. 8R  10,88  167.8  187,0  194,7 
?  17,96  P.61  8.78  167.0  173.6  186.3 
7  7.98  S.97  6.42  116.9  134.5  124.5 


16. 

,82 

11.86 

10,86 

167.6 

187,0 

194,7 

12. 

.96 

9,61 

8,78 

167.0 

173.6 

186.3 

7. 

.98 

5.93 

6.42 

1  16,9 

134.5 

124.5 

9. 

.92 

7.39 

6,76 

148,5 

139,0 

155.7 

1  2. 

.26 

9.13 

8.36 

151.8 

155.1 

143.0 

14. 

,01 

10.46 

9,66 

149,8 

180,0 

170.1 

anxnims  as  observed  in  the  mueion  dutiikm  lim  the  bttde  duiation  is  lom  CBmpwed  ivith  the  metn 
mission  duration. 


C.  Data  Analysis 

The  fraction  completed  and  mean  missiDn  duration  data  for  Norden  and  the  BRLMPM  are  fraphi- 
cally  presented  in  Rgures  3  and  4  Figure  3  r^reaents  the  faction  completed  data  avenged  over  type 
of  mix  (which  was  treated  as  a  dependent  variable  Y-the  variable  being  estimated)  versus  transmission 
mte  (which  was  treated  as  the  independem  variable  X-the  variable  from  which  estimates  were  made). 
The  graph  clearly  irrdicates  that  the  Norden  model  completes  more  missions  than  the  RRLMPM  over 
the  tliree  transmission  rates  studied.  The  mean  mission  duntk>n  data,  also  treated  as  a  dependem  vari¬ 
able,  was  averaged  otcr  mix  type  and  then  plotted  against  transmission  nte,  again  the  independem 
variable,  in  Figure  4.  It  is  not  surprising  that  the  BRLMPM  produces  much  longer  mission  durations 
than  Norden  siiKe  mission  duration  arxl  oimber  of  missions  completed  (Figure  3)  should  be  highly 
correlated.  Although  each  of  the  plots  is  represemed  by  only  three  points,  they  served  as  an  aid  for 
visually  examining  the  extent  to  which  the  independent  wiable,  transmissbn  rate,  may  be  (separately) 
related  to  each  of  the  dependent  variables,  fraction  cotr^leted  and  mean  duration,  and  choosing  an 
appropriate  model  for  estimatioft 

Overall  the  graphic  presentation  of  the  data  suggested  a  logarithmic  transformation  of  the 
irxlependent  variable,  transmission  rate.  A  linear  r^resaion  model  of  the  form. 

Y  •^Bo+BilnX  +  € 

vas  chosen  to  describe  the  average  relationship  between  trsLnsmission  rate  ( Iff  JiT )  and  each  of  the 
dependent  variables  ( F  ),  which  was  either  fraction  completed  or  mean  mission  duratiotL  Tn  the  above 
model,  B^  and  Bi  are  constants  referred  to  as  regression  oodTicients  that  must  be  estimated  as  (Unc¬ 
tions  of  the  observed  dam  The  error  term  c  is  assumed  to  be  normally  distributed  with  a  mean  of 
zero  and  a  variance  of  . 

OtKe  the  regressjpn  coefficients  vrere  determined  for  ail  four  data  sets,  a  measure  of  the  relati\p 
importance  bet^en  Y  and  I  n  X  could  be  explained  in  terms  of  the  relative  varigtioo  of  the  Y 
values  around  the  regression  line  and  the  cotresporsling  vii^tion  around  the  mean  of  Y  Thlaneasuce- 
inent  is  called  the  sample  coefficient  of  determination,  .  The  measures  that  follow  pertain  only 
to  the  sample  of  18  observations  each  for  the  fraction  competed  arxl  mean  duration  data.  The  follow¬ 
ing  measures  were  calculated  for  the  RRU^M  data:  *  .054  as  a  degree  of  association  between 

mean  duration  and  transmission  time  while  "■  .015  for  the  fraction  completed  versus  transmission 
rate.  Thus  about  S.4  percem  of  the  variation  in  liiean  duration  was  explained  by  the  regression  model 
while  l.S  percent  of  the  variation  in  the  fraction  completed  data  was  explained  by  the  same  model.  For 
Norden’s  mean  mission  duration  the  model  explained  26.2  percent  of  the  variation  while  the  model  for 
the  fraction  completed  data  explained  only  5.6  percent  of  the  variation  within  the  data.  The  degree  of 
association  between  the  independent  arxl  depen^nt  variable  of  each  data  set  was  to  be  too  small  to  jus¬ 
tify  any  coiKlusion  that  either  the  fraction  completed  or  mean  duration  data  is  a  functkrn  of  the  single 
independent  variable,  transmission  rate. 

Since  only  a  small  fraction  of  the  observed  variation  was  explained  for  by  the  two-variaUe  regres¬ 
sion  model,  the  effect  of  the  type  of  mix  on  the  resulu  ires  eramined.  The  fraction  completed  data  for 
both  models  was  plotted  (Figures  5-7)  versus  mix  type  with  uansmission  rate  being  held  constant 
across  mixes.  Both  models  appear  to  be  quite  sensitive  to  changes  in  type  of  mix,  with  both  completing 
the  most  missions  at  mix  three.  Figures  8-10  are  plots  of  the  mean  duration  versus  type  of  mix  with 
transmission  rate  again  held  constant  over  mix  type.  In  the  Norden  model,  mean  duration  appears  to 
be  fairly  insensitive  to  mix.  However,  the  BRLMPM  consistently  drops  at  mix  three,  then  in  general 


TflRLF  10.  FoArTin''m  OF  Missions  COMPLFTFH  ORTAlMEn  ><ITH  ROTH 

Monn  s  If)  s.RR  Hoims  of  rattlf  ttmf. 


PqACT  I  Of  ! 

r OMOLF  TOO 

( rioRnKf) 

fraction 

CON  PLETFri 

(  i^PLMPM) 

f'TX 

300 

l?on 

4R0  0 

300 

1  ? ')  0 

4H0  0 

1 

.47 

.SP 

.  R  R 

.?7 

.33 

? 

.SR 

.  RR 

.HI 

.  IH 

.?3 

.?? 

3 

.70 

.S3 

.HS 

.RP 

.H4 

.P? 

4 

.73 

.HI 

.HI 

.S? 

.SR 

.R1 

R 

.S7 

.7? 

.7S 

.40 

.44 

.45 

R 

.SR 

.SI 

.70 

.?9 

.30 

.37 

Figure  3.  Average  Fraction  of  Missions  Comoleted  as  a  Function  of  Transmission  Rate 


200.00 


on  Duration  as  a  Function  of  Transmission  Rate 


increases  over  mixes  four  through  six.  This  drop  at  mix  three  is  not  unlikely  since  this  mix  has  the 
smallest  number  of  messages  and  acknovdedgements  needed  to  complete  arty  ore  missioa 

Before  further  attempting  to  model  the  BRLMPM  and  Norden  data  using  transmission  rate  and 
mix  type  as  independent  variables,  a  two-way  analysis  of  variance  was  performed  on  each  data  set.  An 
analysis  of  variance  is  an  analysis  of  the  total  variability  of  a  set  of  data  (as  measured  by  the  total  sum 
of  squares)  into  components  which  can  be  attributed  to  different  sources  of  variatioa  The  two-way 
analysis  of  variance  allowed  effects  of  mix  type  and  transnission  rate  to  be  tested  independently.  It 
should  be  noted  that  since  there  was  only  one  observation  f(»  each  type  of  mix-transmission  rate  com¬ 
bination,  no  error  sum  of  squares  could  be  computed  and  the  common  error  variance  could  not  be 
estimated.  In  this  special  case  it  was  not  possible  to  assess  whether  an  observed  value  of  a  mean  square 
was  significantly  large  or  not  because  the  usual  standard  of  comparison,  the  error  mean  square,  was  not 
available.  Untter  such  circumstances,  the  usual  procedure  was  followed,  namely,  to  assume  that  any 
type  of  mix-transmission  rate  interaction  was  zero  and  to  use  the  interaction  mean  square  as  the  error 
mean  square. 

The  analysis  of  variance  tables  for  the  data  are  presented  in  Tables  19-22.  Column  one  of  each 
table  indicates  the  source  of  variatioa  Column  two  contains  the  numerical  values  of  the  sums  of 
squares.  The  number  of  degrees  of  freedom  is  given  in  column  three.  The  degrees  of  freedom  are  the 
number  of  independent  pieces  of  information  requited  to  describe  a  particular  source  of  variation  in  the 
model.  Column  four  contains  the  numerical  value  of  the  mean  square  (equal  to  column  two  divided  by 
column  three)  which  is  used  in  estimating  ,  the  variarxie  of  the  error  term.  The  last  column  lists 
the  mean  square  ratio  (or  calculated  F)  which  was  baaed  on  using  the  error  mean  square  for  the 
denominator. 

For  both  the  fraction  completed  and  mean  duration  time  daui  of  the  Noiden  model,  the  effects  of 
mix  type  and  transmission  rate  are  significant  at  the  .01  le^«l.  In  the  BRLMPM,  type  of  mix  is 
significant  at  the  .01  level  for  both  the  fraction  completed  and  the  mean  duration  data  However, 
uansmission  rate  is  significant  at  the  .05  level  for  the  fraction  completed  data  and  is  not  significant  at 
either  of  the  tested  levels  for  the  mean  duration  data 

Based  on  the  conclusions  drawn  from  the  analysis  of  variance  performed  on  each  data  set,  no 
further  modeling  was  done  since  the  sample  size  associated  with  each  type  of  mix  -  transmission  rate 
combination  was  only  one.  This  restriction  in  sample  size  has  made  further  statistical  modeling  impos¬ 
sible. 


VI.  EFFECT  OF  QUEUING  ON  TOE  BRLMPM  MODELED  MISSION  DURATIONS 

The  BRLMPM  modeled  data  were  analyzed  to  determine  how  much  of  the  toud  mission  duration 
might  be  attributed  to  queuing.  To  perform  such  an  analysis,  expected  mission  durations  for  the 
BRLMPM  had  to  be  computed.  The  only  other  available  data  that  would  be  useful  were  Norden’s 
moc’slcd  mission  durations.  The  question  became  whether  or  not  the  Norden  modeled  times  would 
pro’')de  a  suitable  foundation  from  which  to  develop  the  BRLMPM  expected  mission  durations.  The 
an;;-  to  tlii'.  ciucr;  ion  was  provided  by  the  predicted  misson  durations  of  both  models. 

Tlic  lotai  predicted  mission  duration  in  the  Norden  rrrodel  is  a  function  of  nodal  delay  time  aixi 
message  uansmission  time  only,  in  the  BRLMPM  it  is  a  function  of  nodal  delay  time,  message 
uanmission  time  and  also  message  transmission  delay  time.  Through  a  series  of  arithmetic  martipula- 
tions,  Norden’s  predicted  mission  duration  for  a  particular  mix  and  uansmission  rate  was  adjusted  to 
(and,  in  fact,  became  equivalent  to)  the  BRLMPM’s  predicted  mission  duration  for  the  same  mix- 
uan  mission  rate  combinatioa  The  following  adjustments  were  made  to  Norden’s  predicted  times; 
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Figure  7.  Fraction  of  Missions  Completed  as  a  Function  of  Mix  for  a  Transmission  Rate  of  4800  Bits/Second 


Mean  Mission  Duration  as  a  Function  of  Mix  for  a  Transmission  Rate  of  300  Bits/Second 


Figure  9.  Mean  Mission  Duration  as  a  Function  of  Mix  for  a  Transmission  Rate  of  1200  Bits/Second 


Figure  10.  Mean  Mission  Duration  as  a  Function  of  Mix  for  a  Transmission  Rate  of  4800  Bits/Second 


k 

■  1 

•  1 
■  3 

^  Table  19.  Analysis  of  Varbnee  Table  for  Fraction  Completed  in  ihe  Norden  Model 

i 

-  i 

Source  of 

Sum  of 

Degrees  of 

Mean 

Mean  Square 

Variaiton 

Squares 

Freedom 

Square 

Ratio 

i  ' 

Treatments 

Mix 

.12660 

5 

.02532 

14.98225  • 

Trans.  Rate 

.07410 

2 

.03705 

21.92308  * 

Error 

4l 

.01690 

10 

.00169 

- 

Total 

.21760 

17 

*  Denotes  significance  at  the  1%  level 

1  Tabic  20.  Analysis  of  Variance  Tabic  for  Mean  Dura 

lion  Time  in  the  Norden  Model 

< 

li  Source  of 

Sum  of 

Degrees  of 

Mean 

Mean  Square 

-  -  d 

Variation 

Squares 

Freedom 

Square 

Ratio 

*  * 

Treatments 

■ 

■  j 

Mix 

303.66667 

5 

60.73333 

121.46667* 

•  Trans.  Rate 

126.33333 

2 

63.16667 

126.33333  * 

i 

Error 

5.00000 

10 

.50000 

.  ^ 

Total 

435.00000 

17 

•  Denotes  significance  at  the  1%  level 
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Table  21.  Analysis  of  Variance  Table  for  Fraction  Completed  In  the  BRLMPM 


Source  of 
Variation 

Sum  of 
Squares 

D^rees  of 
Freedom 

Mean 

Square 

Mean  Square 
Ratio 

Treatments 

Mix 

.68929 

5 

.13706 

106.13601  • 

Trans.  Rate 

.01181 

2 

.00591 

4.54662  •• 

Error 

.01299 

10 

Total 

.71409 

17 

*  Denotes  significance  at  the  1%  level 
**  Denotes  significance  at  the  5%  level 


T  able  22.  Analysis  of  Variance  Table  for  Mean  Duration  Time  in  the  BRLMPM 


Source  of 
Variation 

Sum  of 
Squares 

D^ees  of 
Freedom 

Mean 

Square 

Mean  Square 

Ratio 

Treatments 

Mix 

6764.05610 

5 

1352.81122 

15.33836  • 

Trans.  Rate 

548.94780 

2 

274.47390 

3.11202 

b 

Error 

881.97890 

10 

88.19789 

Total 

8194.98280 

17 

•  Denotes  significance  at  the  1%  level 
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1.  The  ncxbtl  delay  time  for  a  particular  mix  ^  iocreased  (or  decreaaed)  to  leOea  the  BRLMPM 
nodal  delay  time  for  the  same  mix  (see  Tables  7<8).  Nodal  delay  time  remained  constant  over  all 
transmission  rates  within  a  particular  mix. 

2.  The  mean  mission  duration  for  a  particular  mix  was  adjusted  by  the  transnission  time  of  the 
additional  acknowledgements  included  in  the  KILMPM  for  that  mix.  The  difference  in  the  total 
number  of  messages  and  acknowledgements  (see  Table  9)  between  the  models  for  a  particular 
mix  is  due  to  the  fact  that  the  ffilLMPM  acknowledges  all  messages  and  Norden  acknowledges 
only  gun  orders.  Since  each  acknowledgement  has  associated  with  it  a  word  length  of  390  bits, 
the  transmission  time  of  these  extra  acknowledgements  varied  across  transmission  rate  within  a 
mix. 

3.  The  mission  duration  was  adjusted  by  a  transmission  delay  time  comprised  of  a  preamble  time, 
equipment  turn-on  time,  and  net  access  delay  time  (see  Table  9)  associated  with  each  message 
and  acknowledgement  of  the  BRLMPM.  Since  only  time  was  involved  in  this  calculation,  the 
total  amount  of  transmission  delay  time  computed  for  a  particular  mix  remained  constant  over  all 
uansmission  rates  within  that  mix. 

Thus,  the  modeled  Norden  times  provided  a  starting  point  in  developing  the  BRLMPM  expected 
mission  duration  times.  Tables  23-2S  outline  the  simple  procedures  needed  to  determine  each  of  the 
adjustments  to  the  Norden  data.  Examples  are  provid^  using  a  combination  of  mix  oie  and  a 
transmission  rate  of  1200  bits/second,  but  the  adjustments  for  any  mix  -  transmission  rate  combination 
may  be  computed  using  these  procedures. 

A  bmaltdovm  of  the  BRLMPM  expected  misaon  durations  is  preseiued  in  Table  26.  The 
diffctences  between  modeled  and  expected  times  are  given  in  the  last  column  and  rai^e  from  a 
minimum  of  104.9  minutes  to  a  maximum  of  174.3  minutes.  Table  27  presents  the  same  data 
expressed  in  percentages.  Between  82.7  percent  and  94.3  percent  of  the  variation  between  the  expected 
and  modeled  times  can  be  attributed  to  queuing  and  other  unpredicted  factors. 

It  seems  unlikely  that  such  large  variations  may  be  attributed  to  queuing  alone.  However,  at  this 
time,  how  much  of  the  "unexplained”  variation  may  be  due  to  queuing  would  only  be  a  best  guess,  and 
other  factors  which  may  possibly  contribute  to  the  variation  have  rut  been  identified. 


Vn.  CONCLUSIONS 

Certain  conclusions  can  be  drawn  from  this  study  about  the  workings  of  both  models.  The  Nor¬ 
den  results  are  too  optimistic  since  some  aspects  of  the  field  artillery  communications  are  tx>t  ircluded 
in  the  model  inputs.  Tying  up  nets  for  the  entire  time  needed  for  message  transmission  and  ac- 
knowledgln!;  every  message  would  change  the  Norden  results  significantly,  rut  only  directly,  but  also 
indirectly  by  adding  mnproductive  delays  resulting  from  the  development  of  nodal  queues.  Some 
aspects  of  the  Norden  simulations  cannot  be  inferred  directly  from  the  referenced  report  (reference  4). 
For  example,  it  is  not  clear  whether  dropped  missions  are  included  in  calculating  mission  durations  or 
mission  completion  rates.  If  they  are  not  included,  the  Norden  results  are  even  more  optimistic  than 
v.™  d  be  the  case  if  they  are  included. 

The  BRLMPM  results  are  too  pessimistic  in  that  missions  that  are  too  "stale*  to  be  fired  profitably 
arc  Jto!  (topped,  but  add  to  the  queues  and  delay  the  completion  of  more  timely  missions.  The 
PsRLMPM  can  and  will  be  modified  to  permit  dropping  of  missions  whose  durations  exceed  a  specified 
threshold.  An  additional  constraint  applicable  to  TACFIRE  but  not  modeled  in  the  BRLMPM  is  that  a 
mar.^rnirm  of  30  riissions  can  be  simultaneously  handled  by  TACFIRE  No  corre^iKling  consuaint 
c.’.istf.  ?n  tlic  BRLMPM  at  present;  however  it  will  be  adcled  in  the  near  future.  This  problem  was 


Tabic  23a.  Derivation  of  Nodal  Delay  Adjustment  for  Mix  1  at  1200  bits  per  second 


BRLMPM  Predicted  Nodal  Delay  Time  (sec)' 

393.0 

Norden  Predicted  Nodal  Delay  Time  (sec) ' 

-359.5 

Difference  (sec) 

33.5 

Norden  Expected  Nodal  Delay  Time  (min)* 

13.910 

BRLMPM  Fractional  Increase  Over  Norden’ 

X  .093 

Nodal  Delay  Adjustment  (min) 

1.294 

(1.3) 

'  See  Table  9 
'  See  Table  23b 
’  Line  3  divided  by  line  2 


Table  23b.  Derivation  of  Norden  Exs>octed  Nodal  Delay  Time 
for  Mix  1  at  1200  bits  per  second 


Predicted  Nodal  Delay  Time  (sec)' 

359.5 

Predicted  Message  Transmission  Time  (sec)  ‘ 

66.8 

Total  Predicted  Mission  Duration  Time  (sec) 
Total  Modeled  Mission  Duration  Time  (min)  ’ 

426.3 

16.500 

Fractional  Nodal  Delay  Time  ’ 

X  .843 

Modeled  Nodal  Delay  Time  (min) 

13.910 

(13.9) 

'  See  Table  9 
^  See  Table  1 1 
^  Line  1  divided  by  line  3 
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Tabic  24.  Derivation  of  RRLMPM  Transmission  Delay  Time  for  Mix  1 


Message  Preamble  Time  (sec) 

1.638 

Radio  Net  Turn-on  Time  (sec) 

0.205 

Net  Access  Delay  Time  (sec) 

1.195 

Transmission  Delay  Time  per  Message  (sec) 

3.038 

No.  of  Messages,  including  ACK’s,  for  Mix  1  ‘ 

X  78.600 

Total  Transmission  Delay  Time  for  Mix  1  (sec) 

238.787 

Total  Transmission  Delay  Time  for  Mix  I  (min) 

3.980 

(4.0) 

'  See  Table  9 


Table  26.  Breakdown  of  Modeled  BRLMPM  Mission  Duration  (Minuie:^) 
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confoxuxled  by  the  lOcelihocxl  that  when  the  HRLMPM  was  naxlified  for  this  study  by  deleting  the  vari¬ 
ous  existing  delays  to  inooiporate  the  nodal  delays,  one  delay  was  overiook^  Even  though  the 
amount  of  the  delay  was  small,  the  total  number  of  messages  processed  «ns  high  and  the  delay  at  each 
node  for  each  affected  message  was  therefore  se'\«tal  seconds  longer  than  previously  believed. 

The  point  that  must  be  stressed  is  that  in  TACFIRE  as  well  as  in  the  RRLMPM  simulation, 
significant  queues  do  develop.  Some  work  with  the  HRLMPM  subsequent  to  that  described  here  indi¬ 
cates  that  even  with  perfect  communications,  mission  initiation  rates  in  excess  of  40  missions/hr  result 
in  TACFIRE  queues  that  increase  without  bouixL  Thus,  the  TACFIRE  delays  can  increase  significantly 
under  conditions  less  severe  than  those  addressed  in  this  study.  In  the  real  world,  however,  perfect 
communications  do  not  exist.  In  the  baseline  RRLMPM, it  is  assumed  that  ar^  message  can  be  nonac¬ 
knowledging  (NAKedi  thus  requiring  re-transmission.  If  the  same  message  is  NAKed  four  times,  an 
event  of  probability  0.01,  the  sending  unit  is  removed  from  the  subscriber  table  resulting  in  a  down 
time  of  30  minutes.  If  this  criterion  was  applied  to  the  scenario  described  in  this  report  using  mission 
mix  one,  the  number  of  messages  that  must  be  processed  to  complete  all  missions  is  226  missions  x 
78.6  messages/mission  (Table  9)  —  17,763  messages.  Thus  177  times,  a  unit  will  be  shut  down  for  a 
sizable  time.  If  the  affected  unit  is  PO,  only  the  missions  he  is  handling  will  be  affected.  If,  however, 
the  affected  unit  is  a  battery  or  a  RTSFSE  one-third  of  the  missions  currently  being  prooes^  will  be 
subject  to  long  delays.  It  is  not  surprising  that  mission  durations  exceeding  one  hour  would  result. 

Finally,  it  is  felt  that  many  of  the  data  inputs  to  the  Norden  model  {e.g.,  networks,  mission 
profiles,  and  delays)  are  realistic.  For  strict  realism,  some  of  the  fire  missions  should  be  started  by  for¬ 
ward  observers  rather  than  FISTs  atxl  informational  messages  should  be  sent  to  the  brigade  fire  support 
officer  (RDEFSO)  aixl  division  artillery  (DIVARTYX  but  as  these  nets  are  not  heavily  used,  the  results 
probably  would  not  change  drastically.  On  the  other  hand,  the  method  used  to  process  the  messages  is 
inadequate.  The  Norden  model  should  be  revised  so  as  to  insure  acknowledging  each  message.  In 
addition,  turn-on-iime,  net  access  delay  time,  and  preamble  time  should  be  included  in  a  realistic 
manner  for  each  message  and  acknowledgement.  If  these  modifications  are  made,  the  Norden  model 
should  be  f.scful  tool  for  DSWS  analyses. 
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US  Army  Communications  Research 
and  Development  Command  2 

ATTN :  AMDCO-SEI-A 
AMDCO-SEI-E 
AMDCO-SEI-I 
AMDCO-SEI 
AMDCO-TCS 

Fort  Monmouth,  NJ  07703  1 

Commander 

Armament  R&D  Center 
US  Army  AMCCOM 
ATTN :  SMCAR-TDC 
Dover,  NJ  07801 


Commander 

US  Army  Electronics  Research 
and  Development  Command 
Technical  Support  Activity 
ATTN:  DBLSD-L  (Tech  Library) 

Fort  Monmouth,  NJ  07703 

Commander 

Atmospheric  Sciences  Laboratory 
ATTN:  DEL AS 

White  Sands  Missile  Range,  NM  88002 
Commander 

Combat  Surveillance  and  Target 
Acquisition  Laboratory 
ATTN :  DELCS 

Fort  Monmouth,  NJ  07703 
Director 

Electronic  Warfare  Laboratory 
ATTN :  DELEW 

Fort  Monmouth,  NJ  07703 
Commander 

OS  Army  Harry  Diamond  Labs. 

ATTN:  DELHD 

DELHD-NW-EMB 
2800  Powder  Mill  Road 
Adel phi,  MD  20783 

Commander 
ERADCOM  HQ 
ATTN:  DR DEL 

DRDEL  (VISTA) 

3800  Powder  Mill  Road 
Adel phi,  MD  20783 

Director 

Night  Vision  &  Electro-Optics 
Laboratory 
ATTN ;  DELNV 
Fort  Belvolr,  VA  22060 

Director 

US  Army  Signals  Warfare  Laboratory 
ATTN ;  DELSW 
Vint  Hill  Farms  Station 
Warrenton,  VA  22186 


No.  of 
Copies 


DISTRIBOTIOM  LIST 
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Organization  Copies  Organization 


3  Commander  1 

US  Army  Missile  Command 
ATTN :  AM  SMI  -R 
Redstone  Arsenal,  AL  35898 

1 

1  Commander 

US  Army  Mobility  and  Equipment 
Research  &  Development  Command 
ATTN:  AMEME 

Fort  Belvolr,  VA  22060  2 

2  Commander 

US  Army  Tank  Automotive  Command 
ATTN :  AI6TA-TSL 

AMSTA  4 

Warren,  MI  48090 

1  Commander 

US  Army  Engineer  and  Topographic 
Laboratories 

ATTN :  ETL  1 

Fort  Belvolr,  VA  22060 

3  Commander 

US  Army  Foreign  Science  and 

Technology  Center  2 

ATTN:  AMXST-IS-I 

AMXST-CA-I  (2  cys) 
Charlottesville,  VA  22901 

1  Commander  1 

US  Army  Research  Office 
Box  12211 

Research  Triangle  Park,  NC  27709 

1  Project  Manager  3 

Control  and  Analysis  Center 
ATTN:  AMCPM-CAC 
Vint  Hill  Farms  Station 
Warrenton,  VA  22186 

1  Project  Manager 

Flreflnder/REMBASS  2 

ATTN:  AMCPMI-FFR 

Fort  Monmouth,  NJ  07703 


Project  Manager 
HELLFIRE/GLD 

Redstone  Arsenal,  AL  35898 

Project  Manager 
Lance 

ATTN:  AMCPM-LC 
Redstone  Arsenal,  AL  35898 

Project  Manager 

Multiple  Launch  Rocket  System 

ATTN:  AMCPM-RS 

Redstone  Arsenal,  AL  35898 

Project  Manager 

Cannon  Artillery  Weapon  Systems 
ATTN:  AMCPM-CWW,  LTC  McGinnis,  M.  Flsette 
AMCPM-CWS,  W.  Ralph,  J.  Bevelock 
Dover,  NJ  07801 

Project  Manager 
Nuclear  Munitions 
ATTN:  AMCPM-NDC 
Dover,  NJ  07801 

Project  Manager 

Operations  Tactical  Data  Systems 
ATTN:  AMCPM-OPTADS 
Fort  Monmouth,  NJ  07703 

Project  Manager 
Pershing 

ATTN:  AMCPM-PE-X 
Redstone  Arsenal,  AL  35898 

Project  Manager 

Position  Location  Reporting  Syston/ 
Tactical  Information  Distributing 
SystOD 

ATTN:  AMCPM-PL 

Fort  Monmouth,  NJ  07703 

Project  Manager 

Single  Channel  Ground  &  Airborne 
Radio  System 
ATTN :  AMCPM-GARS 
Fort  Monmouth,  NJ  07703 


Commander 

US  Army  Communlcatlons- 
Electronics  Command 
ATTN:  AMSEL-ED 
Fort  Monmouth,  NJ  07703 
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4  Project  Manager,  TACFIRE/Pleld 
Artillery  Tactical  Data  Sys 
ATTN;  AMCPM-TF  (TACFIRE/FATDS) 
Fort  Monmouth,  NJ  07703 

4  Project  Manager,  TACFIRE 
Software  Support  Group 
ATTN :  AMCPM-TF 
Fort  Sill,  OK  73503 


4  Commander 

US  Army  Combined  Arms  Combat 
Development  Activity 
ATTN:  ATZL-CA 

ATZL-CAD-L 

ATZL-CAC-I 

ATZL-CAM-1 

Fort  Leavenworth,  KS  66027 


2  Commander 

US  Army  Concepts  Analysis  Agency 
8120  Woodmont  Avenue 
Bethesda,  MD  20014 

8  Commander 

US  Army  Training  &  Doctrine 
Command 
ATTN :  ATCD 

ATCD-A 

ATCD-E 

ATCD-C 

ATCD-F 

ATTG-C 

ATTE 

ATDO 

Fort  Monroe,  VA  23651 

2  Project  Manager 
Training  Devices 
ATTN :  AM  CPM-TND 

AMCPM-TND-SE  (Hoffer) 
Orlando,  FL  32813 

2  Commander 

US  Army  Combined  Arms  Center 
Combined  Arms  Operations  Research 
Activity 
ATTN :  ATOR-C 

Fort  Leavenworth,  KS  66027 


1  OS  Army  Training  Support  Center 
ATTN:  ATSC 

Ft.  Eustls,  VA 

2  Commander 

TRADOC  Combined  Arms  Test  Activity 

ATTN ;  ATCT-CA 

Ft.  Hood,  TX  76544 


2  Director 

US  Army  TRADOC  Systems  Analysis 
Activity 
ATTN :  ATAA-T 

ATAA-SL  Tech  Lib 
White  Sands  Missile  Range,  NM  88002 

3  Commander 

US  Army  Combat  Developments 
Experimentation  Center 
Fort  Ord,  CA  93941 

g  Commander 

US  Army  Field  Artillery  Board 
ATTN:  ATZR-BD 

ATZR-BDCT 

ATZR-BDWT 

ATZR-BDAS 

HEL  Liaison  Officer  (2  cys) 
Fort  Sill,  OK  73503 


1  Commander 

US  Army  Missile  Command 
ATTN:  AMSMI-YDL 
Redstone  Arsenal,  AL  35898 


2  Commandant 

US  Army  Armor  School 
Fort  Knox,  KY  40121 

1  Commandant 

US  Army  Infantry  School 
ATTN:  ATSH-CD-CSO-OR 
Fort  Bennlng,  GA  31905 
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3  Commander 

US  Aray  Aviation  Center 
ATTN:  ATZQ  (2  cys) 

ATZQ-TSM-A 

ATZQ-TSM-S 

ATZQ-TSM-H 

Fort  Rucker,  AL  36360 

4  Commander 

US  Army  Field  Artillery  Center 
and  School 
ATTN :  ATZR-C 
ATSF-A 

ATSF-T  (Zcys) 

Fort  Sill,  OK  73503 

3  Cranmander 

US  Army  Field  Artillery  Center 
and  School 
ATTN :  ATSF-C 

ATSF-C/Materlal  (Zcys) 
Fort  Sill,  OK  73503 

3  Commander 

US  Army  Field  Artillery  Center 
and  School 

ATTN:  ATSF-C/Concepts  (Zcys) 
ATSF-C/Systems 
Fort  Sill,  OK  73503 

6  Commander 

US  Army  Field  Artillery  Center 
and  School 

ATTN:  ATSF-C/Analysls  (Zcys) 
ATSF-C/Data  Sys  (Acys) 
Fort  Sill,  OK  73503 

2  Commander 

US  Army  Field  Artillery  Center 
and  School 
ATTN :  ATSF-F 
ATSF-E 

Fort  Sill,  OK  73503 

1  Air  Foicf  Armament  Laboratory 
ATTN:  AFATT7DT0DL 
Eglin  AFB,  FI  32542-5000 


Z  Commander 

OS  Army  Field  Artillery  Center 
and  School 
ATTN :  ATSF-G 
Fort  Sill,  OK  73503 

2  Commander 

US  Army  Field  Artillery  Center 
and  School 
ATTN :  ATSF-D 
ATSF-W 

Fort  Sill,  OK  73503 

3  Connander 

OS  Army  Field  Artillery  Center 
and  School 
ATTN :  ATSF-TSM-TF 
Fort  Sill,  OK  73503 

7  Commander 

OS  Army  Field  Artillery  Center 
and  School 

ATTN:  ATSF-TSM-C  Ocys) 
ATSF-TSM-CN  (Acys) 

Fort  Sill,  OK  73503 

6  Commander 

US  Army  Field  Artillery  Center 
emd  School 
ATTN :  ATSF-TSM-FF 

ATSF-TSM-MLRS  (Zcys) 
ATSF-TSM-PE 
ATSF-TSM-RPV  (Zcys) 

Fort  Sill,  OK  73503 

2  Commandant 

OS  Army  Infantry  School 
ATTN :  ATSH-CD-CSO-OR 
ATSH 

Fort  Bennlng,  GA  31905 
2  Ccmgaander 

US  Army  Intelligence  Center 
and  School 
ATTN;  ATSI  (2  cys) 

Fort  Huachuca,  AZ  85613 
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Commander 

US  Army  Signal  Center 
ATTN :  ATZH 

ATZH-CD 
ATZHJ-CD-C 
ATZH-CD-M 

Fort  Gordon,  GA  30905 
Commander 

US  Army  Signal  Center 
ATTN:  ATZH-AD 
ATZH- AT 
ATZH-SG 

Fort  Gordon,  GA  30905 
Commandant 

US  Army  Command  &  General  Staff 
College 

Fort  Leavenworth,  KS  ff027 
Commandant 
US  Army  War  College 
ATTN:  Library  -  FF  229 
Carlisle  I'^’rracl.s ,  PA  17013 

Commandant 
US  Military  Academy 
West  Point,  NY  10996 

US  Naval  Academy 
Annapolis,  MD  2140i> 

US  Air  Force  Academy 
Colorado  Springs,  CO  80901 

Commander 

US  Army  Operational  Test  and 
Evaluation  Agency 
5600  Columbia  Pike 
Falls  Church,  VA  220H1 

Commander 

Naval  Surface  Weapons  Center 
ATTN:  Technical  Director 
Silver  Spring,  MD  20910 


No.  of 

Copies  Organization 

2  Commander 

Naval  Surface  Weapons  Center 
Weapons  Laboratory 
ATTN:  Technical  Director 
Dahlgren,  VA  22448 

2  Commander 

Naval  Weapons  Center 
China  Lake,  CA  93555 

2  Commander 

XVIII  Airborne  Corps 
ATTN:  Comm  Elect  Bd,  ADDS 
Experiment 
Ft,  Bragg,  NC  28307 

3  Chief,  Ground  Operations  Div 
Development  Center 

Marine  Corps  Development  and 
Education  Command 
Quantlco,  VA  22134 

2  HQUSAF  (SAGP/Tactical  Support 

Division) 

Washington,  D.C.  20330 

3  Commander 
9  Inf  Div 

Ft.  Lewis,  WA  98433 

3  Commander 

US  Army  Deployment  and 
Development  Agency 
ATTN :  MODE 

MODE-DCCS 
MODE-TED-SAB 
Ft.  Levis,  WA  98433 

2  Norden  Systems,  Inc. 

ATTN:  G.  Conron,  D.  Baxter 
Norden  Place 
Norwalk,  CT  06856 

Aberdeen  Proving  Ground 

Dir,  USACSTA 
ATTN:  STECS-AA 

STECS-AA-W 
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Copies  OrKflnlaatlgn 

Commander,  USATECOM 
ATTN:  AMSTE-CM-F 
AMSTE  -AD-A 
AMSTE  -TO-F 
AMSTE  -CT-C 

Dir,  OSAHEL 
ATTN :  AMXHE  -D 

AMXHE-FT  (10  oys) 

AMXHE  -CS 
AMXHE  -CC 
AMXHE  -SP 

AMXHE -FS  (Library) 

Comdt,  US AO CAS 

ATTN:  ATSL-CTD  (3  eys) 

Dir,  USAMSAA 
ATTN:  /vMXSY-D 
AKXSY-0 
AMXSY-GI 
AMXaY-QS  (2  cys) 
AMXSY-GA 
AMXSY-C 

AMXSY-Cf.  Ocys) 

AMXSY-R 

AKXSY-MP  Mr.  Cohen 
C,  Field  Supt  Div,  OSAFSTC  (3cys) 
PM  Smoke 

ATTN :  AMCPK-SMK 


Cdr,  CROC,  AMCCOM 
ATTN :  SMCCP-  SPS-IL 
SMCCR-MU 
SMCCR-RSP-A 
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USER  EVALUATION  SHITT/CH.VNOL  01  ADDRESS 


This  Laboratory  undertakes  a  continuing  effort  to  improve  the  quality  of  tlie 
reports  it  publishes.  Your  comment s/answers  to  the  items/questions  below  will 
aid  us  in  our  efforts. 

1  .  BRL  Report  Number _ _ Date  of  Report _  _ 

2.  Date  Report  Received  _ _ 


.S.  Docs  this  report  satisfy  a  need?  (Comment  on  purpose,  related  project,  or 
other  area  of  interest  for  which  the, report  will  be  used.) _ 


4.  Mow  specifically,  is  the  report  being  used?  (Information  source,  design 
d.ata,  procedure,  source  of  ideas,  etc.) _ _ 


5.  Has  the  information  in  this  report  led  to  any  quantitative  savings  as  far 
as  man-hours  or  dollars  saved,  operating  costs  avoided  or  efficiencies  achieved 
etc?  If  so,  ]ileasc  elaborate. _ _ 


(i .  Cenerul  Comments.  What  do  you  think  should  be  changed  to  improve  future 
reports?  (Indicate  changes  to  organization,  technical  content,  format,  etc.) 


Name 


CURRENl 

ADDRESS 


Organ i zat ion 


Address 


City,  State,  Zip 

7.  If  indicating  a  Change  of  Address  or  Address  Correction,  please  provide  the 
New  or  Correct  Address  in  Block  0  above  and  the  Old  or  Incorrect  address  below. 


OLD 

ADDRESS 


Name 


Organ! zat ion 


Address 


City,  State,  Zip 


(Remove  this  sheet  along  the  perforation,  fold  as  indicated,  staple  or  tape 
closed ,  and  mail.) 


-  FOLD  HERE  - 


Director 

US  Army  Ballistic  Research  Laboratory 
ATTN;  AMXBR-OD-ST 

Aberdeen  Proving  Ground,  MD  21005-5066 
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Director 

US  Army  Ballistic  Research  Laboratory 
ATTN:  AMXBR-OD-ST 

Aberdeen  Proving  Ground,  MD  21005-9989 
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